We present the detection of a blackbody component in GRB 160107A emission by using the combined spectral data of the CALET Gamma-ray Burst Monitor (CGBM) and the MAXI Gas Slit Camera (GSC). The MAXI/GSC detected the emission ∼45 s prior to the main burst episode observed by the CGBM. The MAXI/GSC and the CGBM spectrum of this prior emission period is well fit by a blackbody with the temperature of 1.0 +0.3 −0.2 keV plus a power-law with the photon index of −1.6 ± 0.3. We discuss the radius to the photospheric emission and the main burst emission based on the observational properties. We stress the importance of the coordinated observations via various instruments collecting the high quality data over a broad energy coverage in order to understand the GRB prompt emission mechanism.
2005). This broad E peak distribution reflects the intrinsic properties of GRB spectra (e.g., Amati et al. 2002) ; its origin is not clear. Although the observed spectrum is due to the Synchrotron radiation from the relativistic electrons (e.g., Tavani 1996) , the low-energy photon indices of some of the observed spectra show a harder index than expected from the Synchrotron radiation (e.g., Preece et al. 1998) .
A unique observation is needed to break through the current situation.
One interesting characteristic seen in some GRBs is the emergence of thermal emission in the prompt GRB spectra (e.g., Frontera et al. 2001) . The spectrum of the prompt emission of GRB 041006 shows blackbody components superimposed on the non-thermal spectrum (Shirasaki et al. 2008 ) with time-averaged temperatures 0.2 and 0.4 keV. Starling et al. (2012) identified a blackbody component with the temperature between 0.1 and 1 keV in the Swift data for nine GRBs.
Identifications of the blackbody component with temperatures of several 10 keV up to 100 keV are claimed by the BATSE and the Fermi/GBM data (Ryde 2005; Ryde 2010; Guiriec et al. 2013 ).
Although thermal emission from the photosphere is expected in the standard fireball model (Goodman 1986; Paczynski 1986) , the wide dynamic range of the claimed blackbody temperature distribution in the spectra observed in prompt GRB is difficult to understand in a simple way.
The CALorimetric Electron Telescope (CALET) was attached to the Exposed Facility of the Japanese Experimental Module (JEM) on the International Space Station (ISS) in August 2015 (Torii et al. 2011) . The main scientific goals of CALET are the observations of high energy cosmic electrons and high energy GeV-TeV gamma-rays thanks to its thick calorimeter. To support the gamma-ray observations, CALET includes CALET Gamma-ray Burst Monitor (CGBM) to observe the prompt emissions of GRBs (Yamaoka et al. 2013) . After a month of initial checkout, CGBM began its scientific observation on October 2015. CGBM consists of two kinds of scintillation detectors to cover a wide energy range from 7 keV up to 20 MeV: 1) The Hard X-ray Monitor (HXM) consists of a LaBr 3 (Ce) crystal (61 mm diameter and 1.27 mm thickness) with 410 µm thickness Be window and a photomultiplier tube (PMT) covering the energy range from 7 keV to 1 MeV. There are two identical HXM units (HXM1 and HXM2) facing at the same direction roughly 10
• tilted from the zenith direction.
2) The other scintillator is the Soft Gamma-ray Monitor (SGM), utilizing a BGO crystal (102 mm in diameter and 76 mm in thickness) and a PMT to cover the energy range from 40 keV to 20 MeV. The SGM points to the zenith direction. The field of views of HXM and SGM are ∼120
• and ∼2π sr. The GRB detection rate of CGBM is ∼4 GRBs per month.
The Monitor of All-sky X-ray Image (MAXI) is also mounted on the Exposed Facility of the JEM-ISS (Matsuoka et al. 2009 ). MAXI consists of two different slit cameras: Gas Slit Camera (GSC) and Solid-state Slit Camera (SSC) consisting of 1 dimensional position-sensitive proportional counters and X-ray CCDs respectively. GSC covers the energy range of 2 -30 keV and the two 3 instantaneous fields of view of 1 • .5 × 160
• at the zenith and the horizontal direction of the ISS.
Because CALET and MAXI sit on the same platform, most of the MAXI/GSC and CGBM fields of view overlap.
In this paper, we report on the prompt emission properties of GRB 160107A. In subsection 2.1, the temporal results from the CGBM and the MAXI/GSC data, and also the localization by the MAXI/GSC and the Interplanetary network, are shown. We present the CGBM and the MAXI/GSC spectral properties in subsection 2.2. We discuss our result in section 3. The quoted errors are at the 90% confidence level unless stated otherwise.
Observation and Data analysis

Temporal Properties and Localization
GRB 160107A was detected by CGBM on 2016 January 7 at 22:20:43.20 (UT) (Nakahira et al. 2016 ). The burst was also detected by MAXI/GSC (Nakagawa et al. 2016) , Fermi/GBM (Veres et al. (Golenetskii et al. 2016) . Figure 1 shows the light curve of GRB 160107A based on the CGBM and MAXI/GSC data. The CGBM light curve shows a complex structure with multiple overlapping pulses. We use the Swift analysis tool, battblocks, to measure the T 90 of the SGM data. The no-background subtracted light curve in 0.125 s binning over the 40-1000 keV band is used. The T 90 measured by the SGM is 73.5 ± 19.0 s (1 σ). Thus, GRB 160107A is classified as a long GRB. Interestingly, as seen in figure 1 , the emission seen in the MAXI/GSC was ∼45 s earlier than the CGBM trigger time. At the time of the MAXI detection, a faint emission is visible in the HXM light curve (figure 2). The significance of this weak emission in the HXM is 5.5σ in the 7 -100 keV band. Note that the field of view of the MAXI/GSC camera moved outside the location of GRB 160107A around 20 s before the CGBM trigger time. Therefore, the main part of the emission was not detected by the MAXI/GSC.
2016), INTEGRAL (SPI-ACS) and Wind/KONUS
The best fit 90% error region based on the MAXI/GSC data is described by a rectangular region with the following four corners: (R.A., Dec. ) = (298 MAXI/GSC error region, but the MAXI/GSC error region provides the best localization of this GRB.
Based on the temporal and the positional coincidence, we concluded that the MAXI/GSC emission is clearly associated to GRB 160107A.
Spectrum
First, we investigated the spectral properties of the main part of the emission using the CGBM data.
The spectral files extracting the data between T 0 −1.1 s and T 0 +78.9 s are created for HXM1, HXM2
and SGM, where T 0 is the trigger time of CGBM (January 7 at 22:20:43.20). The background files are generated for each spectral channel by fitting the channel separately with a second order polynomial function before the burst (T 0 − 269.1 s to T 0 − 81.1 s) and after the burst (T 0 + 230.9 s to T 0 + 798.9 s). The gain-correction is applied to those spectral files by fitting the background lines at 1.47 MeV due to 138 La in the LaBr 3 (Ce) crystal for the HXM data (Quarati et al. 2012 ) and 2.2 MeV due to activation of the BGO crystal for the SGM data. We examined the gain-corrected spectra using the is less than ∼ 1 • .5, we used the DRM for the fixed position. Details about the CGBM DRMs, the calibration status and the results of the cross spectral calibrations using the simultaneously detected bright GRBs with the Swift/BAT data are described in appendices 1 and 2. Since there is uncertainty due to absorption by structures around detectors in the low energy region, we only used the data above 30 keV for HXM and above 100 keV for SGM. XSPEC version 12.9.1 is used in the spectral analysis. Table 1 presents the results of the time-integrated spectral analysis of the burst. The spectrum is best fitted by a power-law times an exponential cutoff (CPL) function. The χ 2 improvement in a CPL over a simple power-law (PL) fit is 8.42 in 1 degree of freedom. A Band function results in no better χ 2 than CPL. We simulated 10,000 spectra inputting the best fit parameters of a CPL model using the same background spectrum generated in the analysis. We fit the simulated spectra by both PL and CPL models, and calculate the number of the simulated spectra which exceed ∆χ 2 (= 
. We found that 4,459 simulated spectra exceed ∆χ 2 of 8.42. This corresponds to the significance of the improvement of 44.6%. Therefore, the improvement χ 2 of a CPL over a PL in the observed spectrum is not highly significant based on the simulation study.
However, the best fit photon index α of −1.7 +0.3 −0.2 and E peak of 102
+48
−40 keV in a CPL model are consistent with Wind/KONUS and Fermi/GBM (Golenetskii et al. 2016; Gruber et al. 2014; von Kienlin et al. 2014; Bhat et al. 2016) , with α steeper than typical values of the low energy photon index for long GRBs (Kaneko et al. 2006) . The fluence and the 1-second peak flux calculated in the best fit CPL are 1.6 ± 0.1 × 10 −5 erg cm −2 (1σ) and 1.6 ± 0.1 × 10 −6 erg cm −2 s −1 (1σ) at the 30 -500 keV band. The 1-second peak flux was measured between T 0 + 26.2 s and T 0 + 27.2 s.
Next, we examined the MAXI/GSC spectrum at the time of the MAXI detection. We used the MAXI standard software for creating the spectrum. The calibrated MAXI/GSC event data were downloaded from the Data Archive Transmission System (DARTS). 1 The MAXI/GSC camera ID 4
and 5 detected the photons from the GRB. After the observation information files were generated by mxscancur, the exposure maps (WMAP files) for individual camera were created by mxgtiwmap. The source and the background spectral files were extracted by xselect from the calibrated MAXI/GSC event file. The source region is selected as a circle of a radius of 1
• .6 at (R.A., Dec.) = (299
• .413) (J2000.0) as a center. The background region is an annulus of an outer radius of 3
• and an inner radius of 1
• .6 at (R.A., Dec.) = (299 • .670, 6
• .413) (J2000.0) as a center. There is ∼10 % uncertainty in the exposure time due to the position uncertainty. The source spectrum is extracted when the effective area to the source position is >0.05 cm 2 which corresponds from T 0 − 59.3 s to T 0 − 9.5 s. The detector response files were generated by mxgrmfgen. The energy range used in the spectral analysis of the MAXI/GSC spectrum is from 2 keV to 30 keV. There is no issue of the dead-time in the MAXI/GSC data in the count rate level of GRB 170107A. Table 2 shows the results of the spectral analysis of the MAXI prior emission. We fit the spectrum by a power-law, a blackbody, a cutoff power-law, Band function and a power-law plus blackbody model with the interstellar absorption, N H , which is the model "wabs" in xspec. The best fit spectral model of the MAXI/GSC data is the highly absorbed power-law model with N H = 3.7 Willingale et al. (2013) . Therefore, we concluded that the absorption-like-feature apparently seen at low energy in the MAXI/GSC spectrum is not due to the real absorption by the interstellar medium and the host galaxy of GRB 160107A. On the other hand, although a residual is seen at high energies, the spectrum can be also well fitted by a blackbody with the temperature of 1.2 keV. It is possible to reduce this residual in the blackbody fit by adding a power-law component. No significant improvement in χ 2 is seen by the Band function over a simple power-law fit.
We also performed joint fitting analysis including the HXM data. The time interval of the HXM spectrum is between T 0 − 61.0 s and T 0 − 13.1 s. The results of the joint fitting are shown in table 2. We found that the best fit spectral model is a blackbody plus a power-law model in the joint fit analysis. The photon index of α = −1.6 ± 0.3 and a temperature kT = 1.0
−0.2 keV are consistent with the results from the MAXI/GSC data alone. The χ 2 improvement of an absorbed blackbody plus a power-law model over an absorbed power-law model is 5.10 in 2 degrees of freedom. We simulated 10,000 spectra inputting the best fit parameters of an absorbed blackbody plus a powerlaw model. We fit the simulated spectra by both an absorbed blackbody plus a power-law model and an absorbed power-law model, and calculate the number of the simulated spectra which exceed ∆χ 2 of 5.10. We found that 3,056 simulated spectra exceeding ∆χ 2 of 5.10. The significance of the improvement is 30.6%. Addition to the discussion regarding N H in the previous paragraph, the best representative model of the prior emission spectrum is a blackbody plus a power-law model, with the thermal emission superimposed on the non-thermal component at ∼45 seconds before the main burst episode. As shown in Figure 6 , our derived blackbody temperature is not sensitive to the value of N H . 
Discussion
The MAXI/GSC detection prior to the main burst episode is achieved in coordination with the high sensitity soft X-ray survey data of the MAXI/GSC and the wide field hard X-ray survey data of the CGBM, both of which are physically located on the same platform. The CGBM provides the data from 7 keV up to 20 MeV for a bright transient source whereas MAXI/GSC data provides simultaneous data from 2 keV up to 30 keV. The field of view of the MAXI/GSC cameras always overlap with that of the CGBM. Therefore, we would expect to have GRBs observed simultaneously by CGBM and MAXI/GSC. We estimate the number of simultaneously observed GRBs as follows:
The instantaneous field of views of the SGM and the MAXI/GSC are 20000 deg 2 (∼2 π) and 480 deg 2 (1 • .5 × 160 • in two directions). The observation efficiencies are 40% for the MAXI/GSC (Sugizaki et al. 2011 ) and 60% for the CGBM. Since the CGBM detects ∼50 GRBs per year, we expect ∼1 GRB per year to be detected simultaneously. However, as we show here for GRB 160107A, the timing is not necessary matched between two instruments. Furthermore, to confirm this fact, the MAXI/GSC also detected the emission at 320 s after the main burst episode for GRB 160509A (Ono et al. 2016 ).
So far, we have four simultaneously detected GRBs between the CGBM and the MAXI/GSC in one year of the overlapping operation.
Following the argument of Pe'er (2007), we estimate the photospheric radius from the observed parameters of the blackbody component. The photospheric radius R ph can be estimated by the following equation:
2 where γ 0 is a bulk Lorentz factor, d L is a luminosity distance, ξ is a geometric factor of order of unity (we assume ξ = 1), z is a redshift and (1)
The radius of the main burst emission site is estimated by the 45 s delay which we observed between the MAXI/GSC and the CGBM data. The difference of the arrival time of the photons emitted between R 0 and aR 0 (a > 1) to the observers can be expressed as the radial time scale ( 
Since the radius to the main burst episode site is aR ph , its radius is estimated to be ∼ 1.2 × 10 14 cm.
This estimated radius is consistent with the radius between internal shocks in the case of γ 0 = 100 (Piran 1999) . Note, however, that our discussion relies on the assumption of a redshift. Unfortunately, the sky location of GRB 160107A at the time of the trigger was too close to the Sun to perform the follow-up observations from the ground facilities. As shown here for GRB 160107A, the soft Xray data of MAXI can provide an important clue in understanding the prompt emission from GRBs.
Therefore, we strongly encourage the follow-up to MAXI detected GRBs to identify an afterglow and a host galaxy in order to have a secure redshift measurement.
A possible origin of a thermal component is an emission from a mildly relativistic cocoon around a jet (Ramirez-Ruis, Celotti & Rees 2002; Nakar & Piran 2017) . According to the calculation of Lazzati et al. (2017) , X-ray flux expected from a cocoon is ∼ 10 −14 − 10 −12 erg cm −2 s −1 at a typical distance of 1 Gpc for long GRBs. Our detected thermal X-ray emission is 8 × 10 −9 erg cm −2 s −1 which is two order of magnitude brighter than the calculation. Another interesting possibility is a supernova shock breakout emission. The onset X-ray emission of a shock breakout is detected by Swift XRT for SN 2008D (Soderberg et al. 2008 ). The peak X-ray luminosity of this shock breakout is 6 × 10 43 erg s −1 which corresponds to 5 × 10 −13 erg cm −2 s −1 at 1 Gpc. This estimated flux is three order of magnitude weaker than the thermal emission of GRB 160107A. Therefore, either a cocoon or a shock breakout emission is expected to be below the detection sensitivity of MAXI/GSC at the typical distance of long GRBs, and is difficult to be the origin of the thermal emission of GRB 160107A.
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The blackbody temperature of 1 keV which we see in the GRB 160107A spectrum is one or two order of magnitudes smaller than the reported blackbody temperature in the BATSE (e.g., Ryde
2005) and the Fermi-GBM (e.g., Ryde 2010; Guiriec et al. 2013 ) GRB spectra. Our temperature is more consistent with the identified blackbody components reported by HETE-2 (Shirasaki et al. 2008) and Swift (Starling et al. 2012) . However, our understanding of the thermal emission in the prompt GRB spectrum is limited by a small number of incomplete (e.g, no redshift measurement)
samples. As we demonstrated here for GRB 160107A, the coordination of the scientific instruments on-board ISS becomes important to enhance the science outcome. Joint observation by on-going Xray missions like MAXI and NICER, and a future mission like TAO-ISS along with the hard X-ray survey instrument like CGBM will be crucial to collect high quality broad-band data related to the GRB emission.
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Appendix 1 Energy response function of CGBM
The CGBM energy response function has been built by the simulator based on the GEANT4 simulation package (Agostinelli et al. 2003) . All the materials of the flight CGBM detectors are modeled in the simulator. The entire CALET structure is included in the simulator, although, a simplified structure is used for the CAL (only precisely modeling the heavy elements which are responsible for the absorption and the scattering) in order to reduce the calculation speed (Yamada et al. 2017) . The detailed instrumental characteristics of HXM and SGM, based on the results of the pre-flight ground testing (Nakahira. 2017) , are also included in the simulator.
Ground testing data were collected by irradiating the flight instruments with radioactive sources and soft X-rays from an X-ray generator. Figure 7 shows the comparison between the data and the simulated 22 Na spectra for HXM1, HXM2 and SGM using the CGBM simulator. As can be seen in the figure, both the energies and the normalizations of the 511 keV and the 1275 keV lines agree 13 quite well. The difference in the line shape of the 511 keV line between HXM1 and HXM2 is also well modeled in the simulator. Despite a clear residual in the 511 keV line in the SGM, the overall shape of the spectrum shows a good agreement. The net counts in the 511 keV peak in the simulated spectra are 20 % and 3 % larger than the calibration data of HXM and SGM. The energy resolution of the simulated spectra agrees with the measured value to within 5% for all detectors. Therefore, the CGBM simulator has been demonstrated to reproduce the ground testing data accurately.
Appendix 2 Spectral cross-calibration between CGBM and Swift/BAT using the simultaneously detected bright GRBs
We use the bright GRBs simultaneously detected by the Swift/BAT since the systematic error in the energy response function has been studied in detail among the Wind/KONUS and the Suzaku/WAM using the GRB data (Sakamoto et al. 2011) . We identified two GRBs, GRB 161218A and GRB 170330A, for this investigation. The incident angles to the HXM and the SGM boresights are 37
• and
30
• for GRB 161218A, and 32
• and 35
• for GRB 170330A. We extracted the time-averaged spectra for both the CGBM and the BAT using the exactly the same time interval. The BAT spectrum is extracted from the event data using the standard procedure. 2 As was done in the spectral analysis of GRB 160107A, the XSPEC (v12.9.1) is used in this joint spectral analysis.
First, we performed the joint spectral analysis only using the HXM data to focus on the investigation of the low energy response of the HXM. The HXM spectrum is fitted between 30 and 150 keV. Figure 8 shows the joint fit spectra and table 2 summarizes the best fit parameters. Both the photon indices and the normalizations measured by the HXM are consistent with those of measured by Swift/BAT. Also, no significant residual is seen in both joint fitted spectra of GRB 161218A and GRB 170330A. Therefore, we concluded that the systematic error in the low energy part of the HXM data (30-150 keV) is 10-20% as is discussed in Sakamoto et al. (2011) as the systematic uncertainty in the Swift BAT data.
Second, we included the SGM data in the fit. In this three-instrument joint fit, we multiplied the model by a constant factor. We fixed the constant factor of BAT to unity. Figure 9 shows the joint fit spectra and table 2 summarizes the joint fits by different spectral models. In the joint fitted spectra of GRB 161218A and GRB 170330A, the constant factors of HXM1 and HXM2 were consistent with unity, as is the case without the SGM data. The centroids of the SGM constant factors of GRB161218A and GRB 170330A were 1.3 and 1.8, probably due to the incomplete modeling of the CALET in the simulator. Furthermore, the time-dependent background variation due to charged particles makes it difficult to model the background spectrum accurately. Since we are still working on understanding the influence of the structures around the detector and the uncertainty in the background modeling, we decided to multiply the model by a constant factor as a free parameter in the GRB 160107A data to take into account the currently unknown systematic uncertainty in the SGM data. 
